Abstract. China has been experiencing severe haze pollution mainly due to its fast economic growth and large amount of coal consumption. To deal with the problems, Chinese government has issued a series of policies to control main air pollutants emission. In this paper, the effectiveness of the policies to control the major four coal-consuming sectors, which are coal-fired power plants, coal-related industrial processes, coal-fired boilers and household coal consumption, were evaluated. The main air pollutants emission reduction was estimated and the air quality improvement was simulated using the WRF-CMAQ model. The results showed that by 2017, the emissions of SO 2 , NOx and primary PM from the four sectors will decrease by 1.37 million tons, 1.28 million tons and 1.55 million tons, respectively, which are 7.4%, 6.9% and 10.1%, compared with 2015. Consequently, the annual average concentration of PM 2.5 will decrease by 3ug/m 3 , a drop of 6%. Implementation of the ultra-low emission standards in the coal-fired power plants is the most effective measures to reduce SO 2 and NOx emission, while installation of dust removal facilities in coal related industrial processes contributes most to primary PM emission reduction.
Introduction
China is the most populated country with high speed economic growth and urbanization in the last three decades, mirrored by its large amount of energy consumption, especially coal consumption. As a result, China is suffering heavy air pollution problems [1, 2] . In 2015, the coal consumption in China was 3.97 billion tons, accounting for 68.1% (calorific value calculation) of the country's total energy consumption [3] . China also contributed 50% of the total coal consumption in the world [4] . Coal consumption is the main source of anthropogenic air pollutants emissions in China [5] . It contributed 91% of total SO 2 emission, 69% of NOx emission, and 53% to the primary PM 2.5 emissions in 2012 [6] . The long-lasting haze episodes in mega cities have receiving increasing attention from scientists, national and local governments and the public due to its adverse impacts on human health [7] [8] [9] .
In order to prevent further air quality deterioration and protect public health, China has taken significant measures to control coal consumption and the related air pollutants emission. Air Pollution Prevention and Control Action Plan (hereafter referred to as the Action Plan) was issued and circulated by the State Council in 2013, and half of the 10 articles mentioned the coal related sectors. Full Implementation of Ultra-low Emission and Energy Saving Alteration in Coal-fired Power Plants Working Scheme (hereafter referred to as the Working Scheme) was put into practice to further control pollution in coal-related power generation sector. In this study, the effectiveness of the Action Plan and the relevant policies on pollution prevention in coal-related sectors was evaluated. The air pollutants emission reduction by 2017 was estimated based on the requirements of the policies, and the air quality improvement was predicted using the WRF-CMAQ model.
Methodology
The base year in this study was 2015. The air pollutants (including SO 2 , NOx and primary PM) emitted from the main four coal-related sectors, including coal-fired power plants, coal-related industrial processes, coal-fired boilers and household coal combustion, in the base year were analyzed based on the published statistical data [10] and data obtained from field investigation. The air pollutants emission reduction potential from the four sectors was estimated according to the relevant control measures listed in the Action Plan, the Working Scheme and other policies, mainly including: 1. Implementation of ultra-low emission standards in power plants: by 2017, the air pollutants emission from 300 MW or above coal-fired power generator must meet the ultra-low emission standards in the 11 provinces and municipalities in the eastern regions. Other power generators must meet the national air pollutant emission standards. 2. Accelerate desulfurization, denitrification, and dust removal retrofit projects in key industries, such as iron and steel industry, cement industry, etc. 3. Comprehensive control of coal-fired boilers: phase out small scale boilers and install end-of-pipe treatment facilities in large scale boilers. 4. Household coal pollution control: encourage centralized/district heating and promote clean energy substitution. Finally, the annual mean concentration of PM 2.5 in 2017 was simulated using a WRF-CMAQ model.
Results and Discussion

Current Status of Coal-related Air Pollutants Emission
In 2015, the total emissions of SO 2 , NOx and PM in China were 18.59 million tons, 18.52 million tons and 15.38 million tons. Pollutants emitted from different sectors are shown in Fig.  1 . Almost all of the pollutants from household sources were resulted from coal combustion. Industry was the major source of all the three pollutants, and a significant proportion of the pollutants emitted with coal consumption. The six sectors in Fig. 2 accounted for 86% of coal consumption in industry, while they also contributed 77%, 86% and 78% of SO 2 , NOx and primary PM emissions from industrial sources. 
Potential of Air Pollutants Emission Reduction by 2017
The pollutants emission reduction potential in the main coal-consuming sectors by 2017 was estimated by analyzing the control measures in the Action Plan and other relevant policies. By 2017, the emissions of SO 2 , NOx and PM from the main coal-consuming sectors in mainland China will be reduced by 1.37 million tons, 1.28 million tons and 1.55 million tons, respectively, which are 7.4%, 6.9% and 10.1%, compared with 2015.
Implementation of the Working Scheme is the most effective way to reduce SO 2 and NOx emission, which contributes to 49% of SO 2 emission reduction and 84% of NOx emission reduction. Installation of air pollutants abatement facilities in industrial furnaces, mainly in iron and steel industry and cement industry contributes most to PM reduction, which is 39%. Household coal pollution control measures includes promoting central heating, accelerating clean energy substitution, such as 'coal to gas', 'coal to electricity', etc. Although the quantities of the air pollutants emission reduced by these measures are not significant, their contributions to air quality improvement, especially in winter heating seasons are important [11] [12] [13] . 
Air Quality Improvement
The air quality improvement caused by controlling the coal-related sources in mainland China by 2017 was simulated using a WRF-CMAQ model. The annual mean concentration of PM 2.5 will decrease by 3µg/m 3 , a drop of 6% from 2015. The spatial distributions of annual mean PM 2.5 concentrations in China in 2015 and 2017 are shown in Fig. 4 . Overall, the PM 2.5 concentrations across the country show a decrease trend from 2015 to 2017. The decrease rates in heavy polluted regions are faster than that in other regions. However, the Beijing-Tianjin-Hebei Region, Chengyu Region and the Yangtz River Delta will still be the most heavily polluted areas in China. The PM 2.5 concentrations in these areas will be far beyond the national Grade II standard. In order to further improve the air quality in these areas and to attain the national standards, more efforts are required, not only from the perspective of end-of-pipe treatments, but also source control, not only control the coal-related pollution sources, but also other sources. 
Conclusions and Recommendations
Air pollution in China is closely related to coal consumption. By strict control of the 4 major coal-consuming sectors, including coal-fired power plants, coal-related industrial processes, coal-fired boilers and household coal consumption, the emissions of SO 2 , NOx and PM will decrease by 7.4%, 6.9% and 10.1%, respectively, compared with 2015. The annual mean concentration of PM 2.5 will decrease by 6%.
The measures to control coal-related pollution sources studied in this research will reduce the emissions of air pollutants significantly, leading to a remarkable air quality improvement by 2017. However, some regions, especially those are currently suffering severe haze problems will still not be able to attain the national atmospheric air quality standards. For further air quality improvement, more stringent and comprehensive measures are required. Energy structure adjustment, industrial structure and industrial layout optimization will probably be essential in the next stage of the air pollution prevention work. More pollution sources besides the coal-related sources should be under meticulous management, e.g. transportation sources, fugitive dust sources, etc. VOCs and NH 3 are key precursors to secondary aerosol formation. VOCs emission also contributes to ground-level O3 pollution. VOCs and NH 3 emission control should be strengthened.
